Materials based on chlorosulphonated polyethylene possess reduced flammability and high fireproofing properties, depending largely on the composition of the composite material.
The introduction of fillers, having little effect on the properties of the materials at low temperatures [1] , changes their properties very considerably at high temperatures, especially under conditions of combustion. This may be due both to the effect of dilution of the flammable phase of the polymeric material and to the interaction of the components with each other.
To study the behaviour of the materials at high temperatures, an investigation was made of the qualitative and quantitative composition of the degradation products formed in the condensed phase in the temperature range 200-500˚C. (This range was chosen on the basis of earlier investigations of the temperature profile of composites based on polyethylene [2] ).
Silicon and antimony oxides were studied as mineral fillers, together with the plasticiser chloroparaffin KhP-470.
Thermal tests of specimens were carried out by the procedure described in [3] . The phase composition of the solid products formed by thermal action on the specimens was studied by means of X-ray diffraction analysis; the quantitative content of antimony and chlorine was determined using atomic emission analysis [4] and by mercurimetry [5] . The thermal behaviour of specimens was investigated on a derivatograph with a rate of rise in temperature of 5 K/min.
It was established [6] that the rate of loss of antimony by the composite during heating is not dependent on crosslinking of the polymer matrix; the rate of loss of chlorine decreases slightly in the range 350-450˚C in vulcanised polymers.
According to data of mass spectrometry [7] , antimony trioxide interacts with hydrogen chloride to form antimony trichloride and water; however, at 200-250˚C, solid antimony oxychloride is formed, which decomposes in the range 250-450˚C with the formation of antimony trichloride. In the absence of halogens, solid antimony trioxide does not evaporate up to 450˚C, the characteristic temperature of thermal degradation of polymers. During slow heating at a rate of 0.2 K/min, in the range 250-450˚C three peaks of antimony trichloride formation are observed.
Using X-ray diffraction analysis it was established that, during thermal action on composites based on chlorosulphonated polyethylene (CSPE), starting at 260˚C, antimony oxychloride is found. With further increase in temperature, the line intensity of antimony oxychloride decreases, and diffraction maxima corresponding to metallic antimony appear. Comparison of these data with those given in [3, 4] indicates that the behaviour of a synergistic pair consisting of antimony trioxide and a chlorine-containing organic compound is not dependent on the nature of the polymer matrix (PE, CSPE, polyurethane foam) or its state (vulcanised or unvulcanised polymer).
Study of the thermal behaviour of polymer composites using differential thermal analysis showed that vulcanisation has little effect on the occurrence of heat effects, shifting them slightly towards lower temperatures. When chloroparaffin is introduced, they are shifted 5-10 K towards higher temperatures; the rate of weight loss decreases in the range 230-450 K and does not change at higher temperatures, while the introduction of silicon oxide shifts them 20-40 K towards higher temperatures. The yield of solid residue is increased significantly. When antimony oxide is introduced there is a reduction in the exo effect at 270˚C, but a peak appears at 350˚C; the remaining heat effects remain unchanged. The rate of breakdown at the first stage increases. The introduction of the entire complex of fillers has an overall effect on change in the nature of heat effects; the breakdown rate decreases at all stages of degradation.
To clarify the mechanism of increase in flame resistance of the composites described, a detailed study was made of the influence of the mineral fillers and chloroparaffin used on the flammability and thermal properties of CSPE. Table 1 gives data illustrating the influence of the nature of the mineral filler and its concentration on the oxygen index (OI) and flame propagation rate over the surface of the specimens. The size of the specimens and reactor and the rate of flow of the mixture of nitrogen with oxygen satisfied the standard conditions of oxygen index determination. The influence of the direction of flame propagation (horizontal, from top to bottom, and from bottom to top) and the presence of a heat-insulating substrate on the limiting concentrations of oxygen and the flame propagation rate was assessed.
The direction of flame propagation and the presence of a substrate affect the value of the oxygen index and, in particular, the flame propagation rate for all the given formulations. In the case of flame propagation over the surface of the specimen in the horizontal plane, and also from top to bottom, the results are similar for all the given formulations (see Table 1 ). The presence of a substrate increases the oxygen index and the flame propagation rate. This indicates that considerable heat losses occur from the combustion zone through the condensed phase. The lowest value of the oxygen index was obtained in the case of combustion from bottom to top (see Table 1 ). The flame propagation rate in this case is inconstant, and it increases as the flame advances (these data are not given in the present paper). In the case of ignition from the bottom, vulcanised CSPE without fillers is capable of igniting and burning under conditions of atmospheric air (OI = 20.5%, which corresponds to the oxygen concentration in air).
In the presence of metal oxides in rubber compounds based on chlorosulphonated polyethylene, the flammability of CSPE vulcanisates decreases, as indicated by increase in the oxygen index and reduction in the flame propagation rate. content to 50-70 parts, the influence of the nature of the oxide on the oxygen index is levelled out. With an oxygen content at the level of the OI of filled vulcanisates, the flame propagation rate is 2-4 times lower than in the case of unfilled vulcanisates. The high effectiveness of Sb 2 O 3 compared with SiO 2 appears during combustion under standard conditions. It is interesting to note that the additional introduction of chloroparaffin with a high content of both oxides improves the processing properties but has little effect on the values of the oxygen index of the vulcanisates. However, with combination of the two oxides in the composite, a positive effect was observed when chloroparaffin was introduced.
CSPE vulcanisates containing all the components mentioned have the highest oxygen indices and the lowest flame propagation rates over the surface during testing under standard conditions. The flame resistance of materials was assessed by the method of thermal shock on the surface of the specimen on a one-sided action unit. The rough criteria were the rate of change in the temperature of the protected surface and the time of achievement on it of a temperature of 400˚C. The procedure used reproduces a simplified model of the work of a fireproofing coating, which makes it possible to carry out screening and rapid selection of the most effective composites.
Under conditions of testing of the flame resistance of the coating, rapid ignition of the surface of the specimen occurs when it comes into contact with a heater with a temperature of 1100˚C. Burning up of material from the surface is accompanied with carbonisation of the polymeric materials. The carbonisation front moves deep into the specimen. Beneath the carbonised layer, white powder of mineral filler is found, and then a layer of unaltered material. When the temperature of the protected surface reaches 450˚C, the material is carbonised through its entire thickness. Tests of the flame resistance of vulcanisates of chlorosulphonated polyethylene showed that, for material containing silicon dioxide, increase in the temperature of the protected surface slows down to a greater degree than for material containing antimony trioxide. However, the introduction of chloroparaffin into a composite containing antimony trioxide has a positive effect on slowing down the increase in temperature of the protected surface. When antimony and silicon oxides are combined, the flame resistance of the material increases. The replacement of chloroparaffin with chlorobromoparaffin with a similar overall content of halogens and with a bromine content of about 25 wt.% makes it possible to lower considerably the rate of increase in temperature of the protected surface. This effect appears with a test time of over 60 min; with a shorter test time, a layer of sufficient thickness for transformation of the polymer and the formation of coke to occur is unable to form.
It was shown that the thermal properties of rubber compounds based on chlorosulphonated polyethylene depend on the component composition of the polymeric material. Extremely effective for increase in flame resistance is the use of silicon and antimony oxides. Halogencontaining plasticisers combined with a mixture of metal oxides lower the flammability of the composite material.
The conducted tests made it possible to select the optimum ratio of components in the composition of the fireproofing material and to develop, on this basis, a number of effective protective composites.
